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I. 
XNTRODUCXlO~. 
No pure strain  of cartilage has so far been isolated. However, 
the importance of working with pure cultures of the various types of 
tissue cells  has been shown?  At present, only  one method of obtaining 
a pure strain of a given type is known;  namely, the isolation of tissues 
for cultivation from  portions of the organism where they may be ob- 
tained free from any other tissue elements.  In the eye of the chick 
embryo, we found an anatomical  locus electus for obtaining pure carti- 
lage.  The sclera of the posterior hemisphere of the bulbus  oculi in 
most birds and fish has a pars cartilago sclera~, and sometimes even a 
pars ossea.  In sectioning the eye, it was noticed that free dissection of 
the cartilage could be made. 
II. 
EXPERIMENTAL. 
1.  Isolation of the Cartilage .--When the excised eye-bulb of the chick 
embryo is placed on its  cornea, one may easily push aside the dark 
pigmented membrana nictitans with a small knife and an iris forceps; 
just below is seen a thin, white, semitransparent membrane.  This is 
the cartilage.  With the small forceps it may be lifted out.  Imme- 
diately upon its removal, it retracts as does a drop of mucus, but when 
placed in a  little Ringer solution, it spreads out as a thin membrane. 
In other respects it is not at all like mucus, but is very fragile and dis- 
integrates easily. 
a Fischer, A., J. Exp. Med., 1922, xxxv, 367. 
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2.  Technique  and Description  of the Cultures.--The  culture medium 
is the same as that generally used for connective tissue cells and epithel- 
ium, consisting of equal volumes of adult chicken plasma and juice 
from chick embryos.  The fragments of cartilage are placed  on  the 
surface of the coagulated plasma medium.  Usually the growth does 
not begin in a promising way, but after three to five passages it be- 
comes  very  active.  If  the  piece  of  cartilage  is  embedded in  the 
medium, as is done in cultivating fibroblasts no growth seems to take 
place.  The fragment of cartilage remains apparently unchanged in 
shape in the same medium for many days, but by measuring the area 
of cartilage the day the culture is made and again after 3 or 4 days, or 
even longer, it is found to have increased in  size.  It is not certain 
whether this increase is due to a loosening of the tissue or to a veritable 
increase in the number of cells.  When an attempt was made to trans- 
fer such a piece of cartilage into a new medium, after it had been em- 
bedded in the coagulum for 2 or 3 days, it proved impossible.  The 
cartilage was so fragile that the slightest touch with the knife shattered 
it  into  innumerable  pieces.  If  one is  fortunate  enough  to  secure 
a small piece on the knife and put it in Ringer solution~ it spreads out 
very quickly, closely resembling a thin membrane of paraffin in water 
and being just as fragile.  When it is placed in the new medium and 
examined under the microscope, thousands of aggregates and single 
cells are seen spread all over the medium.  This picture is strikingly 
like that of a culture of yeast, especially because the cells are so small 
and apparently spherical.  Therefore, no growth seems to take place 
from these colonies of cells after they are embedded in the coagulum. 
An attempt was then made to place one of the small pieces of car- 
tilage on the free surface of the dotted medium.  As soon as this was 
done, the cells began migrating and progressively became more active 
and formed huge cultures.  Cultivated in this way, the growth was 
very extensive and the cultures could be multiplied.  These new cells 
grew in some ways like epithelium, forming thin, delicate membranes, 
while the individual cells were in close contact.  The cultures were no 
longer fragile but coherent and easy to  extirpate  and  transfer to  a 
fresh medium. 
When first examined, it seemed as if a new kind of tissue had formed 
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had disappeared, and the cartilage cells grew and proliferated very 
actively side by side, without forming any of the hyaline substance. 
In order to study the details of this transformation, fresh cartilage was 
cultivated, embedded in the clot as well as on the free surface, and the 
cultures were fixed and stained in different stages.  It was observed 
that the amorphous  substance was loosened and  fell to pieces, and 
the cartilage cells became free.  The space around the cells could be 
seen to increase in size,  and finally the hyaline substance liquefied 
completely  (Fig.  1).  The  cartilage  cells  themselves  were  rather 
small~ and the cytoplasm as well as the nucleus stained deeply.  When 
the cartilage was embedded in the clot, the cells seemed unable to 
grow or to develop, unless they were in very close  contact.  Those 
cells which had been cultivated for some time in the clot were all 
very small.  Nucleus and cytoplasm, the latter often  very sparsely 
represented, were deeply stained (Figs. 2 and 9).  The cells were about 
the size of small lymphocytes and the resemblance was rather striking. 
From the surface-cultivated cartilage, the same process of breaking 
down the hyaline substance took place and a different type of cells 
migrated.  All the transition forms could be studied here, from the 
small, lymphocyte-like cartilage cell to  the much larger cell which 
finally characterized the active cartilage cultures.  The same phenom- 
enon could be observed as in Fig.  1, and the free cells gained in size 
rather quickly; i.e.,  their cytoplasm was spread out (Figs. 3 and 4). 
Some resembled the cells in Fig. 5, having a deeply stained nucleus with 
the chromatin located at the periphery, and cytoplasm unstained and 
nearly as clear as glass.  After further cultivation, the cells became 
spindle-shaped and the cytoplasm increased more and more, the cells 
finally appearing as in Figs. 6 and 10.  The cytoplasm often contained 
large vacuoles.  The nucleus was spherical and usually had one large 
nucleolus.  The nucleus itself generally stained less deeply than the 
cytoplasm.  The cells grew in close contact, forming thin membranes. 
If, in this  stage,  the culture is  transferred to  the middle of  the 
coagulum, it  grows well and  does not  revert to  the  type  of small 
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~.II° 
DISCUSSION. 
Renaut and Dubreuil  ~ came to the conclusion that the embryonic 
connective  tissue  originated  from  the  lymphocytes.  The  various 
functions of the connective tissue determine the peculiarities of the 
amorphous substances excreted.  In cartilage the collagen substance 
(connective tissue fibrilI~e) is replaced by the hyaline substance.  The 
transformation of lymphocytes into  large  mononuclears and  poly- 
blasts was observed by Maximoff,  ~ and of large mononuclear lympho- 
cytes into fibroblasts by Carrel and Ebeling.  4 
In our experiments, it was observed that a  minute, lymphocyte- 
like cell type migrated out from the cartilage and became rapidly trans- 
formed into cells many times larger than the original ones.  They did 
not produce any hyaline substance.  When the size of the cells in- 
creased,  great morphological and physiological changes occurred in 
them.  The cytoplasm of the small cell type was very sparse, and the 
nucleus had a  granular chromatin arranged in its periphery.  Both 
nucleus  and  cytoplasm  stained  very  deeply  with  methylene blue 
and azure blue.  On the contrary, the ceils which grew out on the 
surface of the coagulum were large  and their  cytoplasm was often 
failed with vacuoles.  The nucleus generally had one large nucleolus 
and stained less deeply than the cytoplasm. 
The  segregation apparatus  of Renaut when  vitally  stained with 
neutral red appears to be very similar to that of fibroblasts (Fig. 7). 
It was found that the initial growth of cartilage only took place on the 
free surface of the coagulum.  When embedded in the coagulum, the 
cells were unable to adhere and no growth took place. 
The strain of cartilage now under cultivation is more than 3 months 
old, grows very actively, and can be made to multiply.  During this 
time it has been cultivated on the free surface of the coagulum which, 
at present, we find to be the best method for obtaining large cultures. 
Of all tissues hitherto cultivated in vitro, it resembles epithelium most, 
because  of  its  characteristic  growth in  membranes  (Fig.  8).  The 
9. Renant, J., and Dubreuil, G., Compt. rend. Soc. biol., 1910, lxviii, 599. 
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cartilage liquefies the medium much more than epithelium and con- 
nective tissue cells do. 
IV. 
CONCLUSIONS. 
1.  A  strain  of  cartilage  cells,  obtained  from  the  pars  cartilago 
scler~e of the eye of chick embryos, has been cultivated for more than 3 
months in vitro. 
2.  The initial growth of the cartilage was possible only on the free 
surface of the coagulum. 
3.  The hyaline substance disappeared during cultivation in dtro. 
The succeeding stages of a  transformation from small, lymphocyte- 
like cells into large, spindle-shaped cells  were observed.  The carti- 
lage cells were spindle-shaped and grew in close contact, forming thin 
membranes.  In  surface-grown cartilage  cells,  the  nucleus,  usually 
containing one large nucleolus, stained less deeply than the cytoplasm. 
4.  The rate of growth of cartilage was slower than that of fibro- 
blasts and epithdinm.  After cultivation on the surface of the coagu- 
lum, the cartilage cells could multiply even when embedded in the 
coagulum.  But their growth was less extensive and uniform. 
EXPLANATION OF PLATES. 
PLATS 38. 
Fro. 1.  Cartilage  after  48 hours incubation in plasma  medium.  The amor- 
phous  substances  are broken up.  The cartilage  cells contain  relatively  little 
cytoplasm and  the  nucleus  and  cytoplasm are stained very deeply.  Stained 
with  azure blue. 
Fro. 2.  Types of isolated cells of cartilage from 2 day old cultures. 
FrG. 3.  Types of cartilage cells after escape from the amorphous substances. 
FIG. 4.  Types of cartilage cells cultivated on the surface of the medium. 
Fro. $.  Cell types of cartilage found in cultures of fresh cartilage alter 48 hours 
incubation.  Nuclei deeply stained,  with the granular chromatin arranged in the 
periphery.  The cytoplasm is unstained and clear as glass. 
FIG. 6.  Cartilage  ceils growing on the surface of the medium. 
PLATE 39. 
FIG. 7. The segregation apparatus of Renaut, vitally stained  with neutral red. 
The cultures are 6 weeks old; 24 hours incubation. 
FIG. 8.  2 month old culture of cartilage ceils after 48 hours incubation.  Stained 
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PLATE 40. 
FI6.9.  Fresh cartilage cultivated on the surface of  the plasma clot, showing the 
small  types of cells  just  migrating on  the  medium.  Stained with azure  blue. 
×  1,000. 
FIG.  10.  Experiment  1634.  Mitotic figures in  cartilage ceils.  Stained with 
azure blue.  ×  1,000. THE JOURNAL OF  EXPERIMENTAL MEDICINE VOL. XXXVI.  PLATE38. 
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